
Downstream Water Quality Effects of Drops in Lake Powell Elevation, 2003 
or

Bringing the Mountain to Mohammad
Thermal Augmentation in 2003

Downstream Water Quality Effects of Drops in Lake Powell Elevation, 2003 
or

Bringing the Mountain to Mohammad
Thermal Augmentation in 2003

Susan J. Hueftle
Grand Canyon Monitoring and Research Center

Susan J. Hueftle
Grand Canyon Monitoring and Research Center



JT:  3175' /967.7
PS:  3109'  947.6
SP: 3157'   962.3 LSO: 3133.57
    b4 deflector  RSO: 3134.18
LDT:  Intake @ 3170.67/ 966.42
RDT:  Intake @ 3137.37'  956.27m

* Vertical and horizontal 
   axes not to scale

Cross Section through Lake Powell *
 Temperature  (September  1995)

0 25 50 75 100 125 150 175 200 225 250 275 300
Kilometers from Glen Canyon Dam  → 

3200

3300

3400

3500

3600

3700
Epilimnion

Spillways @ 3648'  
(Max=208 K cfs)

Metalimnion / Thermocline

Penstocks @ 3470'  
(Max=33.2 K cfs)

River Outlets @ 3374' 
(Max=15-20 K cfs)

Hypolimnion

Generators

Turbines

Temperature  (September  2003)

0 25 50 75 100 125 150 175 200 225 250 275 300
Kilometers from Glen Canyon Dam  → 

975

1000

1025

1050

1075

1100

1125

E
le

v
a

ti
o

n
 i

n
 m

e
te

rs

Epilimnion

Metalimnion / Thermocline
Penstocks @ 1057m

River Outlets 
@ 1028m

Hypolimnion

82
 °F

79
 °F

75
 °F

72
 °F

68
 °F

64
 °F

61
 °F

57
 °F

54
 °F

50
 °F

46
 °F

43
 °F

6 °
C 

=

8 °
C 

=

10
 °C

 =

12
 °C

 =

14
 °C

 =

16
 °C

 =

18
 °C

 =

20
 °C

 =

22
 °C

 =

24
 °C

 =

26
 °C

 =

28
 °C

 =

Jan-98 Jul-98 Jan-99 Jul-99 Jan-00 Jul-00 Jan-01 Jul-01 Jan-02 Jul-02 Jan-03 Jul-03
3550

3575

3600

3625

3650

3675

3700
Lake Stage (ft-am

sl)

0
5,000

10,000
15,000
20,000
25,000
30,000
35,000
40,000
45,000
50,000
55,000
60,000

D
ischarge (cfs)

Inflow

Lake stage

Outflow



Annual Temperature Patterns below Glen Canyon Dam,  1949-2003Annual Temperature Patterns below Glen Canyon Dam,  1949-2003
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Annual Temperature Patterns below Glen Canyon Dam
1973-1988 @ Lees Ferry;   1988 to Oct 15, 2003 Glen Canyon Dam Tailrace

Post-Dam filling years of higher summer temperatures
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Grand Canyon Colorado River Warming (°C)
August  1988 to 2003
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Annual Temperature Patterns above the Little Colorado River Confluence
Aug 1990  to 2003  Colorado River @ 60 mile
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Nutrients in Lake Powell from inflow to Lees Ferry, surface and bottom depthsNutrients in Lake Powell from inflow to Lees Ferry, surface and bottom depths
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PROJECTIONS:    Lake Elevation, Discharge And Temperature at Glen Canyon DamPROJECTIONS:    Lake Elevation, Discharge And Temperature at GlePROJECTIONS:    Lake Elevation, Discharge And Temperature at Glen Canyon Damn Canyon Dam
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Most Probable Projections: 

Summer 2004 & 2005:   Min Pool = 3587-3588 ft,    Peak Temp:   16 -18 °C  (61-64 °F)

Worst Case “Minimum Probable” Projections: 

Summer 2004:  descending  pool to 3565 by Sept   Peak  temps:  17 -20+ °C  (62-68 °F)

Summer 2005:  Min pool = 3540 in April, Peak temp:  17 -20+ °C  (62-68 °F)



Downstream ecological implications of warm, epilimnetic
releases during drought conditions
Downstream ecological implications of warm, epilimnetic
releases during drought conditions

• Warmer water may enhance native fish recruitment

• Warmer water increases metabolic rates

• Epilimnetic nutrients are generally depleted in the reservoir

• Phosphorus levels tend to decrease in the reservoir during droughts; nitrate levels 

tend to increase

• ..So primary productivity may be enhanced by temperature but deprived of limiting 

nutrients -- phosphorus

• The buffering capacity of the reservoir is reduced at low  volume, “rapid” shifts in 

water quality are possible

• Salinity levels will increase; native community evolved in a dynamic salinity regime 

but not the phytobenthos.
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Short-term Lake Projections 
---given continued drought and lower lake elevations:
Short-term Lake Projections 
---given continued drought and lower lake elevations:

• Consistent elevations below ~3615 ft produce epilimnetic release, 

depending on lake stratification

• Temperatures will continue to increase to end of year

• Salinity will increase until the next decent flood;  surface releases will 

exacerbate concentration of salts in the reservoir.

• D.O. will probably degrade until convective mixing overcomes it: ~ 

November-December; winter underflows may offset deep-water hypoxia.

• Nutrients: variable response

• With shorter residence time, reservoir could change quickly



Long-term Lake Projections 
---given continued drought and lower lake elevations:
Long-term Lake Projections 
---given continued drought and lower lake elevations:

• Consistent elevations below ~3615 ft produce epilimnetic release, 

depending on lake stratification

• Temperatures will continue to increase to end of year

• Salinity will increase;  surface releases will exacerbate concentration of 

salts in the reservoir.

• D.O. will probably degrade until convective mixing overcomes it: ~ 

November-December; winter underflows may offset deep-water hypoxia.

• Nutrients: variable response

• With shorter residence time, reservoir could change quickly

• Next big flood will probably bring warmer releases
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